A recent TEDx talk by Josh Kaufman claims that almost anything can be learned in 20 hours. 1 One of the key recommendations is to break the skill into its most basic elements and master these small skills before moving on. Mr. Kaufman claims that this technique can be applied to any topic, from playing the ukulele to learning computer programming. By studying people who perform at the top of their field, other researchers have also come to the conclusion that this technique works well.
Introduction
Recent research shows that the traditional lecture-based course structure is not the most effective teaching method. 2 Many instructors have been adding active learning to the classroom, with the "flipped" classroom becoming very popular. 3 The author has experimented with flipping classes with mixed results, finally landing on a "half-flipped" structure with short lectures followed by problem-solving. The question then becomes: How do you make the most of the active learning period? Answering individual questions while students work on homework problems wasn't as effective as the author would like. There were issues with both group and individual work and the students sometimes had trouble staying on task. In a TedX talk and in a book, Josh Kaufman claims that anything can be learned in 20 hours by breaking the activity down into its most essential small skills and repeating those skills until they are mastered before moving on. 1, 4 In Outliers, The Story of Success, Malcolm Gladwell claimed that approximately 10,000 hours of practice is necessary to develop world-class talent, and those that reach this level do not necessarily have any special genetic advantage. 5 While college students do not need to become world-class talents, and 20 hours of practice is probably not enough, the techniques that are used to develop these talents can be used to make the learning process more efficient in an academic setting. In The Talent Code: Greatness isn't Born. It's Grown. Here's How and in The Little Book of Talent, Daniel Coyle claims that talent comes from growing myelin on nervous system pathways and the most efficient way to do this, as Kaufman also claims, is to break down the talent into small "clusters" of skills, work at the edge of one's ability, and repeat the skills many times, with each success building more myelin on the associated nerves. 6, 7 This myelin allows us to learn so well that we can do many tasks without thinking at all.
Because Thermodynamics problems tend to be long and comprehensive, the author decided that it might be beneficial to break out the necessary simple skills and have the students repeat them to a mastery level before attempting the bigger problems. To incorporate small-skill practice into the class, the author developed a series of on-line Moodle "quizlets" and moved the course to a computer lab so these quizlets could be completed during the class period. Over 300 problems were developed and entered into Moodle. The quizlets were used in two sections of approximately 23 students each in the spring of 2015 and approximately the same number in the Spring of 2016. The exam problem format did not change from previous semesters and homework and other larger practice problems were still distributed. Thus, the students still needed to complete the large problems in order to pass the exams. Student surveys and grades were used to assess the effectiveness of the quizlets.
Quizlet Description
Before attempting each of the 52 quizlets, the students were given practice problems via a worksheet. An example worksheet problem is shown in figure 1 . Note that the goal of the example practice problem was to achieve proficiency with unit conversions. Figure 2 is a screen snapshot showing the Moodle interface for the first few quizlets. As indicated in figure 2 , the students who achieved a target grade would receive bonus points on their daily notes quiz. There was an intention to give the students a chance to take a second quizlet if they didn't reach the target grade on the first attempt. However, the instructor quickly ran out of time and the retakes stopped within the first two weeks of class. 1. Make sure you understand the difference between a closed system and a control volume then take Quizlet 1 on Moodle.
Practice Problem before Quizlet 2:
The power for a pump or turbine is sometimes expressed in "head" form where: Example questions from a variety of topics are shown below. The intent was to break the larger topics down to basic skills and have the students repeat these skills until proficient. There were typically 6-10 questions per quizlet.
Comparison Between Quizlets and Textbook Problems
Prior to 2015, the author used traditional homework assignments mainly taken from the Cengel and Boles textbook to provide students with practice problems. 9 A total of 76 problems were assigned. In comparison, 331 quizlet problems were assigned, some from textbooks, but a majority derived from scratch. The reason that the students can complete many more quizlet problems than publisher-provided problems is because the quizlet problems start out simple and ramp up to more complex, comprehensive problems. The philosophy behind most of the textbook problems is to challenge the students by applying multiple topics into real-world-type scenarios. There are typically a few simple problems in the textbook on a topic, but the majority are more complex. It is vital that students learn to do these types of challenging problems, but it is difficult for them to jump straight from lecture to these more complex applications. The quizlets provide the students with much more repetition on the new topics before asking them to attempt the more challenging homework-type problems. This section illustrates differences between the available publisher's problems from the Cengel and Boles textbook and the quizlet problems by comparing the questions for one week in the middle of the semester. 9 The topics were entropy and isentropic (constant entropy) processes.
In the years before quizlets were introduced, practice for this week consisted of a homework assignment containing one concept question and eleven problems from the textbook. In addition, since the class was partially flipped, there were two in-class worksheets. The worksheets contained a total of three large challenging problems. Below is one of the assigned homework problems. The solution from the textbook is given in Appendix A. 9 7-77 An insulated piston-cylinder device initially contains 300 L of air at 120 kPa and 17°C. Air is now heated for 15 minutes by a 200-W resistance heater placed inside the cylinder. The pressure of air is maintained constant during this process. Determine the entropy change of air, assuming (a) constant specific heats and (b) variable specific heats. 9 By thermodynamics standards, this is a short problem. Many textbook problems have multiplepage solutions. Though relatively short, students still needed a significant amount of time to remember the first law and ideal gas law concepts required to figure out the solution. For this reason, only a small number of problems could be assigned at one time. Thus practice on the new topics was somewhat limited.
After quizlets were introduced, practice for this week consisted of in-class worksheet problems with answers followed by quizlets on the same topics. Many of the quizlet problems are completed in class. The same homework assignments as previous semesters were provided, but were optional. The required work for the same week as the above referenced homework is summarized here and samples are provided in Appendix B:
Quizlet 1: Ten multiple choice questions on isentropic processes (constant entropy) Worksheet Problem: A practice problem similar to those found in Quizlet 2 (described below) but broken down into five steps.
Quizlet 2: Five work-out problems on isentropic devices involving steam or R134a. Note that it is easier to find entropy for steam and R-134a than for gases.
Day 2:
Worksheet Problem: A two-part problem, each part similar to problems found in Quizlet 1.
Quizlet 1: Ten short problems on finding entropy changes for ideal gases and incompressible substances.
Worksheet Problem: A problem similar to Quizlet 2 problems.
Quizlet 2: Four comprehensive problems on using entropy. These were more like homework problems.
Day 3:
Quizlet 1: Five problems on isentropic processes involving air. These build to the larger Otto cycle problems.
Quizlet 2: A seven-part problem on the air-standard Otto cycle. Each part was a separate quizlet problem. This problem was from the Moran and Shapiro textbook. 8 Quizlet 3: A five-part problem repeating the previous quizlet but using cold-air-standard analysis. 8 With the new structure, the problems start out simple and repetitive but then build up to the larger problems. This learning process was efficient enough that the instructor was able to cover extra material in that week, thus the introduction of the Otto cycle (Day 3, Quizlets 2 and 3).
Assessment
In 2015 and 2016, surveys were distributed approximately one month into the semester. These surveys included the free-response question: "What aspect(s) of the class help you the most and why?" Results from that question are summarized in Figure 3 . Both years, students cited quizlets more than any other aspect of the course as being most helpful. The quizlet content did not change significantly between 2015 and 2016, but the students in 2016 seemed to think the quizlets were more helpful. In 2015, the same survey was given after the final exam and is summarized in Figure 4 . The instructor did not administer the survey at the end of the semester in 2016 because the final was optional that year. However, a similar question in the college-administered course evaluation reads: "Which aspects of this course were most valuable?" Results of that question are summarized in Figure 4 . At the end of the semester, the students still ranked quizlets as the most helpful aspect of the course in 2015, and second most valuable aspects in 2016 after "Real World Problems," which is more about course content than learning. Although the student opinions are an indirect measure of effectiveness, they do a good job of targeting just the quizlets. It is significant that so many of the students, without any prompting or multiple choice selections, ranked quizlets as the aspect of the course that helped them the most. The author believes that student surveys can be powerful assessment tools, even if indirect.
While students indicated that quizlets were very helpful, a more direct assessment was the final exam which was the same in 2014 (before quizlets) and 2015 (after quizlets were introduced). The final exam average jumped from 63% in 2014 to 74% in 2015. At the time, this jump in grades seemed astounding. However, the group of students that took thermodynamics in 2015 turned out to be exceptional. The instructor had access to the mechanical engineering students' transcripts and, neglecting the students who were repeating the course or who received and F, their average GPAs jumped from 3.14 in 2014 to 3.47 in 2015. Also, other changes in the course such as changing the number of exams and adding a "mastery" requirement to finding properties make it difficult to separate the effect of the quizlets from the other changes. Still, the author believes that the quizlets were a big part of the grade improvements. Note that the final exam was optional in 2016, so only the students with the lowest averages took it, and it cannot be compared to the previous years.
The following list includes some other observations regarding the quizlets. Many of these indicate the benefits of the on-line aspect for which students receive instant feedback.
• Students really hate getting the answer wrong in Moodle quizzes (they receive a pink box instead of green).
• Double-and triple-checking their answers became commonplace.
• Students were more likely to go back and check their units.
• They became better at determining which digits are significant.
• Instant feedback is very much appreciated.
• Even though students seem to understand the topics during a lecture or while doing examples, many times they can't get started on even the simple problems. The same concepts must be repeated many times before they actually sink in and they usually have to make the same mistake several times before they really get it. Watching the students attempt the quizlets was very enlightening.
• Later in the semester, the promise of bonus points became less of a motivator and the quizlet completion rate dropped off.
• Incorrect answers are pink on the student's computer screen, so it is easy to see when students are having trouble. By asking what went wrong, the instructor can force the student to review their work. This allows for more student-instructor interactions that specifically target problem areas.
Current and Future Plans
The author is currently using the quizlets in Spring of 2017 and intends to continue using and enhancing them for the future. Changes to the course include:
• Instead of bonus points, quizlets are worth 7% of the overall grade.
• A journal requirement was added and the students do their quizlet work in their journal.
• On the first day of class, the instructor played a portion of the Kaufman TedX talk in class, which helped to explain the reasons behind the structure of the course to the students.
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• The order of topics was reorganized (see Section 4.1)
• New software was developed to administer the quizlets and enhance the student experience. (see Section 4.2)
Reorganization
Much of the real-world applications of thermodynamics occurs in the sections on cycles. Typically, textbooks cover almost all of the background information needed for all of the cycles before starting on any cycle. It is typically chapters 8 -11 before analysis of vapor or gas cycles are introduced. 8, 9, 10 The author believes that students have less enthusiasm for the material than if they were clearly working toward the analysis of a cycle from the beginning. For the current semester, the course has been reorganized. Power plants are introduced on the first day. Students are taught solely what they need to know for the Rankine cycle, including finding properties from steam tables, first and second laws for control volumes, and cycle analysis. The students analyze basic Rankine cycles by the fifth week of class. After finishing Rankine cycles with reheat and regeneration, topics necessary to analyze jet engines (gas turbine power plants) will be introduced. This will include finding properties for gases along with first and second laws for nozzles and diffusers. Following jet engines, Otto and Diesel cycles will be covered along with the first and second laws for closed systems. Finally, mixtures and psychrometrics will be covered so the students can analyze refrigeration cycles and heating and cooling ducts.
Software
Although Moodle provided a nice quiz interface, the instructor desired some features that Moodle did not have. During a sabbatical, the author developed a web application to administer the quizlets. This software, called Unlocking Thermodynamics, incorporates techniques utilized by video game developers to keep people playing. 11, 12 Some of the current features include:
• Graphic representation of progress through the cycles.
• Target grades with additional problems if a target is not attained.
• Problems in random order but categorized by easy, medium, hard with easy problems first.
• Bonus points given at random. Fireworks animation when a bonus point is achieved.
These random bonus points are weighted to occur more towards the beginning of the semester.
• Only one question at a time can be skipped, so a student cannot necessarily work on the same problem as a neighboring student.
• High scores by section.
• Continuous grade display while taking the quizlet.
The beta version of this software is currently being used in the spring 2017 semester and is working well. Figures 5 and 6 are screenshots. The software has been designed to be shared with other instructors but it still needs some work before this can happen. Unlocking Thermodynamics will be demonstrated at the conference. indicates the student got the first question correct, the purple indicates a correct answer with bonus, and the red designates an incorrect or late answer. The boxes can also be yellow, indicating partial credit for being one day late or for needing more than one attempt on the question.
Conclusions
Quizlet problems were developed in an attempt to improve learning by breaking the topics into small portions and providing repetition. In two semesters of implementation, the students indicated that the quizlets were the most helpful aspect of the course and grades seemed to improve. Because the quizlets were administered mostly in class via computer software, the students not only benefitted from the content and repetition, but also from instant feedback, increased instructor interaction, and psychological factors such as an increase in effort due to their dislike of pink boxes for incorrect answers.
Once enough functionality is added to Unlocking Thermodynamics the author intends to make it available to other instructors.
